Metabolite-specific transporters are present in the inner membrane of the plastid envelope allowing transport between the plastid and other cellular compartments. A plastidic glucose translocator (pGlcT) in leaf mesophyll cells transports glucose from chloroplast stroma to the cytosol after amylolytic starch degradation at night. Here we report the cloning of a pGlcT expressed in olive fruits (Olea europea L.). Our results showed high expression of pGlcT in non-green heterotrophic fruit tissues. Expression of pGlcT in olive fruits was somewhat higher compared to leaves, and continued until the black, mature fruit stage. We cloned part of tomato pGlcT and found that it is also expressed throughout fruit development implying a role for pGlcT in heterotrophic tissues. Light and electron microscopic characterization of plastid structural changes during olive fruit ripening revealed the transition of chloroplastlike plastids into starchless, non-green plastids; in mature olive fruits only chromoplasts were present. Together, these findings suggest that olive pGlcT is abundant in chromoplasts during structural changes, and provide evidence that pGlcT may play different physiological roles in ripening fruits and possibly in other non-photosynthetic organs.
Introduction
In photosynthetically active tissues of higher plants, part of the carbon fixed during the day is directly exported from the chloroplasts in the form of triose phosphate (TP). However, considerable amounts of the fixed carbon are stored within the chloroplasts as transitory starch (Caspar et al. 1991 , Zeeman et al. 1998 , Schleucher et al. 1998 . During the following dark period, the transitory starch is amylolytically degraded, and the degradation products are transported into the cytosol providing carbon for the growing sink tissues. Starch degradation by the amylolytic pathway yields free sugars, glucose and maltose. Glucose transport across the inner plastidic membrane requires the presence of a specific transporter. The existence of such a transporter has been postulated for the last 20 years (Schafer et al. 1977 , Beck 1985 , Rost et al. 1996 ; however, only recently have the first solid data been presented for the biochemical and molecular characterization of a putative plastidic glucose translocator (pGlcT) . These findings, first obtained with spinach leaves, defined pGlcT as the main glucose translocator from chloroplasts that functions at night in photosynthetically active tissue of C3 and CAM (crassulacean acid-metabolising) plants (Hausler et al. 2000) . However, data obtained from expressed sequence tags (ESTs) suggest the presence of pGlcT in some heterotrophic tissues (Fischer and Weber 2002) .
Here we report the cloning and characterization of a pGlcT cDNA expressed in olive fruit (Olea europea L.) during ripening. Developing olives, like various other fruits, constitute during later stages of ripening a heterotrophic system in which most of the carbon is imported from the leaves in the form of sucrose (Wang et al. 1994) . Because some aspects of olive fruit development differ from those of other well-studied fruits in as much as they lead to extensive lipid accumulation, we have also cloned part of a tomato pGlcT and analyzed its expression during fruit development. Our results suggest that pGlcT expression during fruit ripening is a common phenomenon in higher plants and is not directly related to photosynthesis and starch metabolism. The physiological relevance of pGlcT expression during fruit ripening is discussed.
Results

Cloning of a plastidic Glc translocator from olive fruit
Degenerate oligonucleotides OPG1 and OPG2, designed on the basis of pGlcT sequences reported for potato, tobacco, spinach and Arabidopsis , were used for rapid amplification of olive cDNA 3¢ ends (3¢RACE ; Schaefer 1995) . A 1,200-bp DNA fragment was obtained, subcloned and sequenced. This fragment, representing the 3¢ part of olive pGlcT cDNA, was used to design new gene-specific oligonucleotides (OGT1, OGT2 and OGT3) that together with universal primer mix were used to perform the 5¢RACE reactions. A 1,200-bp fragment representing the 5¢ part of pGlcT cDNA was identified. Based on the 5¢ and the 3¢ parts of pGlcT, a full pGlcT cDNA was amplified, subcloned and re-sequenced.
The cDNA for olive pGlcT (GenBank accession number AY036055) was 2,039 bp long and contained a 132-bp 5¢ untranslated region, a 1,632-bp open reading frame (ORF), and a 275-bp 3¢ untranslated region. The ORF encodes a 544 amino acid protein with a predicted molecular mass of 57.3 kDa and a pI of 9.1. A comparison of the putative olive pGlcT protein with entries in GenBank revealed high similarity (about 77-85% amino acid identities) to recently cloned putative plastidic glucose translocators from spinach, potato, tobacco, corn and Arabidopsis, as well as to a putative sugar transporter from apricot ( Fig. 1) . The identities at the DNA level were in the range of 70-78%.
The olive pGlcT N terminus has characteristics of a plastid-targeting sequence, as analyzed by ChloroP V1.1 and TargetP V.1.01 (www.cbs.dtu.dk/services, Emanuelsson et al. 1999 , Emanuelsson et al. 2000 . The transit peptide cleavage site was predicted to be located between residues 79 and 80 of the precursor protein, exactly within the same sequence (VRAQA) as in spinach pGlcT . The N terminus of the predicted olive pGlcT and the N termini of the other known plant pGlcT shared weaker homology compared to the sequence of the putative mature protein.
The mature pGlcT protein is very hydrophobic. Hydrophobicity distribution analysis (Kyte and Doolittle 1982) revealed the presence of 12 transmembrane-spanning regions, arranged in two pairs of six membrane-spanning segments separated by a hydrophilic loop. The general membrane topology of the olive pGlcT strongly resembles the characteristic topology for the entire hexose translocator protein superfamily present in bacteria, animals and plants.
A single pGlcT gene is present in the olive genome
To determine the number of different pGlcT genes in olive, Southern blot analyses were done under stringent conditions following digestion of olive genomic DNA with EcoRI, SacI and EcoRI/SacI (Fig. 2) . In single digests the probe hybridized intensely to one EcoRI-or two SacI-bands, whereas in double digests two bands were produced. Because the target DNA sequence recognized by the probe contains a single SacI cutting site, digestion with that enzyme yielded two bands. This result suggests the presence of single pGlcT gene in the olive genome, but the presence of weakly homologous functional equivalents cannot be excluded.
pGlcT expression reveals high level of transcript during fruit ripening
To compare the expression of pGlcT in different tissues and during fruit ripening, a Northern blot analysis was done using a fragment of pGlcT as a probe. A single band of about 2.2 kb was obtained corresponding to a full length pGlcT cDNA with a putative 100-200 polyA tail. pGlcT was expressed at all stages of olive fruit ripening, with moderately higher amounts at the green stage, at the onset of ripening (Fig.  3A) . Expression was also observed at the young green stage corresponding to the pre-ripening period of olive fruit development, and at the black stage representing the mature olive fruit. Expression of pGlcT in green fruit was higher than in mature leaves (not shown). No expression was observed in mature pollen grains where only non-active proplastids are present (Fig. 4 , lane 5). 
A tomato pGlcT is also expressed throughout fruit ripening
To examine the expression of pGlcT in other, non oilaccumulating fruits, a 150 bp partial cDNA clone of a tomato pGlcT was cloned. This fragment showed 100% amino acid identity with pGlcT of potato and 80% with that of olive. RT-PCR analysis showed expression of pGlcT in both tomato leaves and mature fruit (Fig. 4) . Moreover, relative expression patterns of tomato pGlcT determined by ON-LINE RT-PCR were consistent with those obtained with olive fruit (Fig. 5) , i.e. higher expression in mature green and in red/pink fruits relative to young green fruits and higher expression in mature green fruit than in leaves. 
pGlcT is expressed in virtually all mesocarp cells
To localize the fruit tissues in which pGlcT is expressed, in situ hybridization was carried out with pericarp sections of young green and black olive fruit using DIG-labeled DNA as a probe. pGlcT expression was detected ubiquitously in all mesocarp cells, with no visible differences between deeper and more superficial tissues (Fig. 6 ). Epidermal cells at the young green stage were stained weaker, and at the mature stage their staining was inconclusive due to the presence of naturally occurring dark pigments, also visible in control sections (Fig. 6 ). Those results indicate that the pGlcT gene is expressed ubiquitously throughout the mesocarp layer during olive fruit ripening, and is only weakly expressed (if at all) in the epidermal cell layer.
Plastid analysis in lipid-storing olive fruit indicates similar ultrastructural changes as in sugar-storing fruits
To compare plastid status in olive fruit and leaf, resinembedded semi-thin sections were cut and stained with toluidine blue. Pericarp cells from the green (not shown) and black stages ( Fig. 7B ) clearly had fewer plastids than leaf mesophyll cells (Fig. 7A ). Fruit plastids of the mature black stage were starch deficient (Fig. 7B ). Electron microscopic observations showed that plastids from green pericarp (not shown) had chloroplast-like structures similar to those observed in leaves (Fig. 7C ) but the thylakoid membranous system was less extensive, and little or no starch was present. At the black stage, chloroplast-like plastids had turned into chromoplasts: the photosynthetic thylakoid machinery had disappeared, round plastoglobuli became abundant, and starch grains were absent (Fig. 7D) . The plastoglobuli lay singly or in groups and sometimes were accompanied by tubular structures. In some chromoplasts phytoferritin-like structures were observed (Fig.  7D) , indicating advanced degradation of the chlorophyll. Moreover, the chromoplasts were amoeboid in shape. There were no clear differences in chromoplast structure between inner and sub-epidermal areas of the olive mesocarp. In conclusion, in lipid-storing olive fruit, chloroplast-like plastids present at the green stage differentiate into classical chromoplasts by the mature black stage, as reported for sugar-storing fruits (Ljubesic et al. 1991 , Bonora et al. 2000 .
Discussion
In this study we describe the cloning and characterization of a putative plastidic glucose translocator (pGlcT) from olive fruit. The predicted mature pGlcT protein shows strong amino acid sequence identity (77-85%) to a previously cloned fulllength pGlcT cDNA from spinach and to partial cDNAs obtained from tobacco, potato, corn and Arabidopsis . Similar to previously cloned pGlcTs, only approximately 30% amino acid identity was found between the olive pGlcT and hexose transporters of the plant plasma membrane. Also, a weaker but definite similarity was observed to the hexose transporter superfamily from mammals and bacteria (amino acid identities of approx. 28-30%). Weber et al. (2000) demonstrated that spinach pGlcT protein is imported into the chloroplast inner envelope membrane. Our sequence analysis suggests that the olive pGlcT protein also is targeted into plastids. The lack of pGlcT expression in mature olive pollen grains supports the plastidic localization of pGlcT, since at this developmental stage these pollen grains contain only inactive proplastids (Fernández 1986) .
It has been suggested that pGlcT exports glucose from the chloroplast stroma to the cytosol following amylolytic degradation of starch at night. Accordingly, spinach pGlcT exhibited diurnal expression in plant leaves , with higher expression at the beginning of the dark and light periods. In the CAM plant Mesembryanthemum crystallinum, pGlcT transcripts were elevated towards the end of the light period and at the beginning of the dark period (Hausler et al. 2000) . Unlike pGlcT in spinach and M. crystallinum leaves, olive pGlcT did not exhibit diurnal expression in fruits (not shown). Olive pGlcT appears to be the first well-documented plastidic glucose translocator constitutively expressed during development of a non-photosynthetic heterotrophic organ. The expression of pGlcT in olive fruits is relatively high and easily detected by Northern blot analysis, and is maintained throughout the ripening process including the black, mature stage. In addition, pGlcT expression is seen ubiquitously throughout the mesocarp layer. Highest amounts of transcript are detected at the green stage (onset of ripening) and significant amounts are still present at the mature stage (Fig. 4) . Even after 1 week of storage of mature fruits, the level of pGlcT transcript is similar to that of freshly harvested fruits (unpublished results).
The presence of pGlcT transcripts in olive fruits indicates that expression of pGlcT is not restricted to photosynthetic tissues. In tomato fruits too, pGlcT transcript was readily detected in ripening fruits and shared a similar expression pattern with olive fruits during fruit development. Hence, the expression of pGlcT is not restricted to lipid-storing olive fruits, but appears to be a more general phenomenon in fruits. A BLAST search of TIGR (The Institute for Genomic Research) tomato gene index revealed two EST clones (EST357246 and EST340775) identical to the tomato pGlcT with high identity to olive pGlcT (about 81%). These clones were derived from a mature green tomato fruit cDNA library (3-5 d prior to ripening), confirming the expression of tomato pGlcT at late stages of tomato fruit development. In addition, ESTs of putative plastidic hexose transporters expressed in heterotrophic tissues, such as the albedo (white pith) of citrus fruits, apricot fruits and xylem of Pinus, appear in the database (Fischer and Weber 2002) , indicating that pGlcT are not restricted to photosynthetic tissues.
Starch accumulation in sink non-photosynthetic tissues such as fruits is attributed to carbon source imported by plastids mainly in the form of glucose-6-phosphate (G6P) (Kammerer et al. 1998) . The inner pericarp tissue of tomato fruit contains starch (Kanayama et al. 1998) only at the young green fruit stage (Schaffer and Petreikov 1997a) but not at later stages of fruit development. Accordingly, expression of pGlcT at advanced stages of tomato fruit development as well as in mature green and pink/red fruits (Fig. 5) is probably not related to amylolytically degraded starch. In lipid-storing mature olive fruits virtually all pericarp plastids appear as chromoplastsmetabolically active organelles lacking a photosynthetic membranous system and hence devoted to the biosynthesis and storage of fatty acids, carotenoids, tocopherols and other secondary metabolites (Kreuz et al. 1982 , Ljubesic et al. 1991 . Our electron microscopic observations indicate that in the olive fruit, a lipid-accumulating organ, there is no period of starch accumulation during fruit ripening. Therefore, expression of pGlcT in olive fruit, particularly in the non-photosynthetic starchless tissues of the mature fruit, cannot be explained by its participation in the transport of glucose from the plastid to the cytosol following starch breakdown.
Our data strongly suggest that pGlcT may play some other role in fruits. The ability of plastids from heterotrophic tissues to use exogenous carbon to support their biosynthetic and metabolic pathways is strongly dependent on the presence of specific transporters on the plastid inner envelope (Emes and Neuhaus 1997) . In organs such as fruits or developing embryos, plastids may import carbon by using transporters for G6P, glucose-1-phosphate (G1P), phosphorylated pyruvate (PEP) or organic acids (Emes and Neuhaus 1997 , Kammerer et al. 1998 , Eastmond and Rawsthorne 2000 . Some plastidic translocators, e.g. PEP transporter, may transport the same molecule in either direction depending on the physiological background and tissue type (Streatfield et al. 1999) . pGlcT belongs to the translocator superfamily whose activity depends on the concentration gradient of the given substrate (Saier 1998) . Factors that control glucose concentration on either side of the inner plastidic membrane determine the direction and rate of the glucose flux. It is therefore possible that pGlcT transports glucose into the plastid during fruit ripening as has also been proposed by Fischer and Weber (2002) .
Following transitory starch degradation in leaves the concentration of glucose becomes much higher in the chloroplast than in the cytosol (Stitt et al. 1985) . However, within the starchless plastids of the mature olive fruit, the effective glucose concentration may actually be higher in the cytoplasm than in the chromoplast. This may be so because of extensive transport of sucrose from leaves and its immediate degradation by invertases into glucose and fructose (Schaffer and Petreikov 1997a) . Indeed, relatively high invertase activity was reported at late stages of tomato fruit development (Sun et al. 1992) . After sucrose degradation, most of the glucose is probably phosphorylated rapidly and irreversibly (Jang et al. 1997 ). Only few data are available on cytoplasmic and plastidic glucose concentration in fruits during ripening. Schaffer and Petreikov (1997b) have reported that cytosolic glucose concentration in tomato fruit is about 30 mM. Even if glucose concentration in the fruit cytosol is only slightly higher than in the stroma, abundant pGlcT protein could act as a low-affinity, high-capacity transporter of glucose toward the chromoplast.
Expression level of pGlcT in olive and tomato fruits is higher than in leaves, but chloroplasts are more abundant in leaves than in fruits (compare Fig. 7a and b) . Therefore, the density of pGlcT protein per chromoplast may be higher in fruits than in leaves.
The transition of chloroplasts into chromoplasts in tomato and pepper fruits is accompanied by the appearance of G6P transporter (Buker et al. 1998 , Batz et al. 1995 , pointing to G6P as an important carbon source for developing fruit chromoplasts. It has been recently shown that in the oilseed rape embryo, cytosolic long-chain acyl-CoA esters inhibit G6P uptake into plastids (Johnson et al. 2000) . Hence, the pGlcT may provide glucose for the metabolic activities of fruit chromoplasts (Camara et al. 1995) . In olive fruit, these activities probably include biosynthesis of fatty acids that in turn may interfere with G6P uptake. Thus, an indirect interaction between pGlcT and plastidic G6P transporter is possible, but additional data is needed on glucose flux across the inner plastidic membrane in ripening olive fruits.
It is also possible that pGlcT in olive fruit transports another, as yet an unidentified molecule in addition to glucose. pGlcT belongs to the same superfamily of translocators as mammalian GLUT transporters (Saier 1998) . GLUT proteins may also transport dehydroascorbic acid, an oxidized form of ascorbic acid (Laggner et al. 1999 , Rumsey et al. 2000 . In plants, the pathway leading to vitamin C biosynthesis was recently elucidated (Wheeler et al. 1998) ; however, recent findings about the transport and biosynthesis site of vitamin C cannot explain the high accumulation of this compound in the chromoplasts of mature fruits of higher plants (Smirnoff 1996) . pGlcT may be a good candidate for the protein that transports dehydroascorbic acid into and out of chromoplasts, thus supporting the efficient turnover of vitamin C in ripening fruits.
In summary, our results document for the first time the expression of a putative plastidic pGlcT in heterotrophic tissues of olive and tomato fruit during ripening. The expression of pGlcT in green and mature olive fruit occurs in all mesocarp cells, and its expression level is even higher than in leaves. Because cells in the mature pericarp do not store or synthesize starch and since the only type of plastids present at this stage are chromoplasts, our findings indicate that the physiological role of pGlcT in fruits is different than in leaves . pGlcT may provide glucose to chromoplasts, thus playing an important role during chromoplast differentiation and fruit ripening.
Material and Methods
Plant material
Olive trees (O. europea L. var. Picual) were grown in a natural environment in South Spain. Leaves, pollen and fruits at different stages of ripening (see Results) were harvested from selected trees at the end of the day (unless stated otherwise) and immediately fixed for microscopic analysis or frozen in liquid nitrogen and stored at -80°C until use. Olive fruits 13-14 weeks after anthesis (WAA) were staged as young green fruits, 19-20 WAA as green fruits, 23-24 WAA as cherry and 27-28 WAA as mature black fruits. The young green stage corresponds to the preripening period of olive fruit development, and subsequent stages correspond to progressive ripening events; the "black" stage represents the mature olive fruit. Tomato (Lycopersicon esculentum L.) plants were grown in a greenhouse with 14 h light and 8 h dark at 28°C.
RNA isolation, RT reaction, PCR amplification and cloning
Total RNA was isolated by using Trizol reagent (Life Technologies) according to the manufacturer's instructions, with modifications including an additional acid phenol/chloroform extraction and final precipitation of RNA with 2 M LiCl. Subsequently, RNA was treated with RNase-free DNase I (GeneHunter, Nashville, TN, U.S.A.) and finally precipitated with Na-acetate/ethanol. RNA samples were checked for DNA contamination by PCR using a 4-fold excess of RNA with respect to the concentration routinely used in the RT-PCR reactions and with primers OGT1-OGT2 (see below). These primers generate a single 315-bp band from a genomic DNA template (if present as contaminant) and a single 197-bp band from an RNA-derived cDNA template. Sequencing of the DNA-derived 315-bp band showed the presence of a 118-bp intron sequence.
First-strand cDNA was reverse transcribed from ~1 mg of DNasetreated total RNA (in two parallel reactions for each stage) primed with 3¢RACE adaptor oligonucleotide or 5¢RACE adaptor oligonucleotide (SMART RACE cDNA Synthesis System, Clontech, Palo Alto, CA, U.S.A.). RT reactions were done with PowerScript RNase H reverse transcriptase (Clontech, Palo Alto, CA, U.S.A.) according to the manufacturer's recommendations. For PCR amplifications, cDNA amounts corresponding to 40 ng RNA were used. To amplify the 3¢ region of pGlcT from olive fruit, degenerate primer OPG1 (5¢-GG A/T AT A/T/C AG T/C ATTGG A/T AGCT) and UPM oligonucleotide mix (SMART RACE cDNA Synthesis System, Clontech) were used. A larger amplification product ~1,200 bp in length was cloned to pGEM-T Easy Vector (Promega) and sequenced. On the basis of this sequence three new gene-specific primers were designed (OGT1: 5¢-GGAGGA-CGATGTTTGGTGTT; OGT2: 5¢AGAGGAACCTTGAGCTGCTG; OGT3: 5¢-CCTGGGATTTGCATCTGTTT). OGT2 and UPM primers were used in the subsequent 5¢ RACE amplification. A few different bands were cloned into pGEM-T Easy Vector and re-amplified with an internal primer OGT1. Following sequencing, one of the clones was identified as a 5¢ part of pGlcT cDNA. Finally, seven independent clones were sequenced to increase fidelity and to obtain maximum length at the 5¢ end of the cDNA. The PCR conditions for RACE reactions were as recommended by the manufacturer (SMART RACE kit, Clontech).
For RT-PCR reactions, amplified internal coding regions of olive and tomato pGlcT 3¢RACE-ready cDNAs (prepared as above) were used. For olive pGlcT we used primers OGT1-OGT2, and for tomato pGlcT we used TOT1 and TOT2 primers (TOT1: 5¢-TGTTGCTTTCC-TTGTCATTCA; TOT2: 5¢-GCCCTAATTCTGGAAGCAAAT) designed on the basis of tobacco and potato pGlcT cDNA sequence homology. PCR cycling conditions for both primer pairs were identical: 94°C for 3 min; then 27-28 cycles at 94°C for 30 s, 60°C for 45 s, 72°C for 45 s, followed by a 5-min extension at 72°C.
All PCR reactions were performed in a reaction volume of 50 ml with 1 UAdvantage 2 polymerase mix (Clontech) for RACE reactions and with 2 U EcoTaq polymerase (Ecogen, Barcelona, Spain) for expression analysis and probe labeling. All cloned products were sequenced on both strands from pGEM-T easy plasmid (Promega) using T7/SP6 primers and an automatic sequencer (ABI 373 XL). DNA and derived amino acid sequences were analyzed for homology in the databases using the BLAST program (Altschul et al. 1997) .
Northern blot analysis
Equal amounts of total RNA (as assessed by UV spectrophotometry and later methylene blue staining on membrane) were sizefractionated on denaturing 1.1% agarose-formaldehyde gels. The RNA was transferred onto Biodyne Plus membranes (Pall BioSupport, Fort Washington, NY, U.S.A.) by downward capillary blot in 20´ SSC (1Ś SC is 0.15 M NaCl and 0.015 M sodium citrate). RNA was linked to the membrane by baking for 2 h at 80°C and equal loading was confirmed by staining the membranes with methylene blue. The probe used was digoxygenin-labeled DNA (DIG-labeled probe) amplified by PCR from pGEM-T Easy Vector containing a 310-bp coding fragment of the pGlcT gene located between primers OGT1 to OGT4 (OGT1 sequence as above, OGT4: 5¢-TATACTACGGCATTTATCCCAGCA). Prehybridizations (2 h) and hybridizations (16 h) were carried out at 42°C in 50% deionized formamide; 5´ SSC; 0.1% SDS; 50 mM NaPO 4 , pH 6.8; 0.1% sodium pyrophosphate; 5´ Denhardt's solution and 50 mg ml -1 sheared salmon sperm DNA. Blots were washed twice at room temperature for 15 min in 2´ SSC, 0.1% SDS, twice for 10 min at 42°C in 1´ SSC, 0.1% SDS, and twice for 15 min at 65°C in 0.2´ SSC, 0.1% SDS. Blots were developed with anti-DIG-AP monoclonal antibody (Roche Diagnostics, Mannheim, Germany) and CDPStar as the chemiluminescent substrate (Roche Diagnostics) according to the manufacturer's recommendations, and were exposed to Hyperfilm ECL (Amersham). Stripped blots were re-hybridized with betaactin probe to check for differences in RNA loading.
Southern blot analysis
Genomic DNA was isolated from mature olive leaves according to Doyle and Doyle (1990) . High-molecular-weight DNA (10 mg per lane) was digested at 37°C overnight with restriction enzymes EcoRI, SacI and EcoRI/SacI, and separated in 0.9% agarose gel. DNA was depurinated in 0.25 M HCl for 10 min, rinsed with sterile water, denatured in 0.5 M NaOH and 1.5 M NaCl for 30 min, rinsed with sterile water, neutralized in 0.5 M Tris-HCl, pH 7.5, and 1.5 M NaCl for 30 min, rinsed twice in sterile water and transferred onto Biodyne Plus membrane (Pall BioSupport, Fort Washington, NY, U.S.A.) in 20Ś SC for 18 h by downward capillary blot. Prehybridization and hybridization were carried out at 65°C essentially as described for the Northern blots; however, no formamide and no Denhardt's solution were used. To prevent non-specific binding, 0.5% commercial blocking solution (Roche Diagnostics) was used.
Real-Time PCR
Real-Time PCR experiments were performed basically as described by Gear et al. (2000) . A set of tomato cDNAs from selected fruit stages, prepared as described above, were used in combination with tomato primers TOT3 (5¢-TTCCAGAATTAGGGCAAAAGCA-3¢) and TOT4 (5¢-AGTGACCGCCCCTTTGTCTC-3¢). These primers amplify a 197 bp fragment of tomato pGlcT. ACT1 (5¢-CACCATT-GGGTCTGAGCGAT-3¢) and ACT2 (5¢-GGGCGACAACCTTGATC-TTC-3¢) primers for the tomato b-actin gene were used to normalize the expression of pGlcT. All primers were designed using Primer Express software and dissociation curve analysis indicated no significant primer-dimer formation (PerkinElmer Applied Biosystems). Reactions were prepared in double using 2´ master mix containing SYBR Green I as a DNA binding dye and all amplifications were performed in a Cycler 5700 (PerkinElmer Applied Biosystems). PCR parameters were according to the manufacturer's recommendations (PerkinElmer Applied Biosystems) and were performed at least twice in triplicate for each cDNA. The relative quantification was achieved using the comparative C T method that employs the arithmetic formula 2 -rr C T. Standard error values were calculated by using StatView software.
In situ hybridization
In situ hybridization was performed essentially as described by Tanimoto and Rost (1993) . Tissues of olive pericarps of approximately 5 mm in diameter were fixed for 6-8 h with 4% (wt/vol) freshly prepared paraformaldehyde and 0.25% (vol/vol) glutaraldehyde in 0.01 M sodium phosphate buffer, pH 7.2, at room temperature, dehydrated and embedded in paraplast. Sections 10 mm thick attached to Tespa-coated slides (Sigma) were cleared with xylene and rehydrated. Sections were subsequently pretreated with 1 mg ml -1 proteinase K in 100 mM Tris-HCl, pH 7.5, containing 50 mM EDTA at 37°C for 30 min. Next, 0.1 M triethanolamine, pH 8.0, was added at room temperature for 10 min, and acetic anhydride was added to a final concentration of 0.25% (vol/vol). The sections were then dehydrated and dried for a few hours until hybridization. A DIG-DNA-labeled probe 200 bp long was generated by PCR from a plasmid template and genespecific primers OGT1-OGT2. Probe quality and quantity were checked by dot-blots with anti-DIG-AP Ab (Fab fragments, Roche Diagnostics) and on agarose gel. Sections were hybridized with DIGlabeled probe in 50% (vol/vol) formamide, 300 mM NaCl, 10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 2´ Denhardt's solution, 10% (wt/vol) dextran sulfate, 50 mM DTT and 50 mg ml -1 denatured salmon sperm DNA at 42°C for 14-16 h. Control slides were incubated with the DIG-labeled part of pGEM-T Easy Vector. After hybridization, slides were washed three times in 4´ SSC and three times in 2´ SSC at room temperature for 15 min each. Slides were then briefly washed in PBST (1´ PBS, pH 7.5, + 0.1% Tween-20) and incubated in 0.5% blocking solution (Roche Diagnostics) in PBST for 1 h at room temperature. After the blocking step the slides were incubated with anti-DIG-AP Ab (anti-digoxygenin-alkaline phosphatase labeled Fab fragments; Roche Diagnostics) solution diluted in 1 : 750 in PBST for 2 h at room temperature. After three washes in PBST and one in the detection solution (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 5 mM MgCl 2 ), the slides were incubated overnight in NBT/BCIP solution, dehydrated and covered with Mercoglass (Merck KGaA, Darmstadt, Germany) for microscopic examination.
Light and electron microscopic observations
Small pieces of fruit pericarp and leaves approximately 1-2 mm in diameter were fixed overnight in a cold fixative solution (2.5% glutaraldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4) at 4°C. After three washes (15 min each) in the same buffer, samples were postfixed in 1% OsO 4 in 0.1 M phosphate buffer for 10 h (leaves) or directly dehydrated in a graded ethanol series (fruits), embedded in Unicryl (BB International, Cardiff, U.K.) according to the manufacturer's instructions and polymerized by UV irradiation. For mature fruit samples, postfixation in OsO 4 was omitted to avoid over-contrast of sections for electron microscopy because of high lipid content in olive fruit. Semi-thin sections (1 mm) for light microscopic observation and ultra-thin sections (80 nm) for electron microscopic analysis were obtained with a Reichert-Jung ultramicrotome. Semithin sections were stained with a 0.5% toluidine blue and 0.5% Azur B in borax solution. Ultra-thin sections were transferred to 300-mesh Formwar (Sigma-Aldrich, Madrid, Spain) -coated nickel grids, stained for 15 min in 3% uranyl acetate and for 5 min in 2.5% lead citrate solution, washed three times in ultra-pure water and observed in a Zeiss EM 10 C transmission electron microscope at 60 kV.
